The enzyme deoxyribose 5-phosphate aldolase was irreversibly inactivated by the substrate analogue acrolein with a pseudo-first-order rate constant of 0.324min-' and a K1 (apparent) of 2.7 x 10'M. No inactivation was observed after prolonged incubation with the epoxide analogues glycidol phosphate and glycidaldehyde. It is suggested that the acrolein is first activated by forming a Schiff base with the enzyme active-site lysine residue and it is the activated inhibitor that reacts with a suitable active-site nucleophile.
with the epoxide analogues glycidol phosphate and glycidaldehyde. It is suggested that the acrolein is first activated by forming a Schiff base with the enzyme active-site lysine residue and it is the activated inhibitor that reacts with a suitable active-site nucleophile.
The enzyme deoxyribose 5-sulphate aldolase from Salmonella typhimurium catalyses the reversible cleavage of deoxyribose 5-phosphate to glyceraldehyde 3-phosphate and acetaldehyde by a mechanism involving Schiff-base formation (Hoffee, 1968) . A general mechanism for aldolases would necessitate both a basic and an acidic group at the active site to achieve the necessary deprotonation and protonation steps that are required by the reaction. It is well established that the use of active-site-directed inactivators is an effective way of identifying amino acid residues that may be involved in catalysis. In the present study, following this approach, a number of substrate analogues were tested as irreversible inhibitors of deoxyribose 5-phosphate aldolase as a first step towards an attempt to identify potential basic groups at the active site of this enzyme.
Experimental
Because epoxides have been used successfully in the past for inactivating a number of enzymes involved in carbohydrate metabolism, including in particular triose phosphate isomerase (Rose & O'Connell, 1969) and phosphoglucose isomerase (O'Connell & Rose, 1973) A third compound to be tested was the unsaturated analogue of acetaldehyde, acrolein. This compound is particularly interesting because formation of a protonated Schiff base with the aldolase active-site lysine residue will result in the activation of the carbon-carbon double bond and will facilitate nucleophilic addition to C-3 of the acrolein. Thus a basic group at the active site of the aldolase would be in a position to attack the C-3 position ofthe activated complex and become covalently bound to the inhibitor. Acrolein was found, in fact, to be a very effective inactivator of deoxyribose 5-phosphate aldolase and gave pseudo-first-order kinetics with a half-life of inactivation of 5min at a concentration of 0.25mM (Fig. 1) . No loss of enzyme activity was obtained in the absence of acrolein, and protection from inactivation was achieved by incubating in the presence of deoxyribose 5-phosphate (Fig. 1) . The activity of an enzyme sample treated with acrolein was not recovered after overnight dialysis. A double-reciprocal plot of inhibitor concentration against percentage inactivation gave a K1 (apparent) value for acrolein of 2.7 x 10--M and a maximum rate of inactivation of0.324min-' (t 1.8 min) (Fig. 2) .
Discussion
There is now considerable interest in those irreversible inhibitors of enzymes that are activated after forming a Michaelis complex at the active site. Such compounds have recently been reviewed (Rando, 1974a) and have been given the name kcat. inhibitors because their mechanism of inactivation depends on an initial catalytic conversion at the active site. With deoxyribose 5-phosphate aldolase the formation of a protonated Schiff base between acrolein and an enzyme residue would result in enhanced polarization of the double bond between C-2 and C-3 and facilitate nucleophilic attack at C-3 according to Scheme 1. The eneamine formed would tautomerize by proton uptake at C-2 to give the inhibitor irreversibly linked to the nucleophile. The proton at C-2 could be derived either from a group at the active site or directly from D. C. WILTON the medium. The latter is the more likely explanation, since no inactivation was observed with glycidaldehyde. Epoxides are normally effective as inactivating agents when there is a group present at the active site that will protonate the oxirane oxygen atom. Lack of inactivation by glycidaldehyde suggests the absence of such a group and is consistent with a single-base mechanism for aldolases (Meloche & Glusker, 1973) . It is noteworthy that the K1 for acrolein (2.7 x 10M) is lower than the Km for the normal substrate acetaldehyde (3.5 x 10-3M) (Hoffee, 1968) . This could reflect a more stable Schiff base between enzyme and acrolein than between enzyme and acetaldehyde due to resonance stabilization by the additional double bond. Alternatively the Kdi,,. for the latter Schiff base could be significantly below the Km for acetaldehyde in the aldol condensation reaction.
The inactivation of aspartate aminotransferase by 2-aminobut-3-enoic acid has been reported (Rando, 1974b) . In this instance a Schiffbase is formed between the inhibitor and the enzyme-bound pyridoxal phosphate. This complex on tautomerization will produce the necessary activation of the double bond between C-3 and C4 of the inhibitor in a manner analogous to that now proposed for acrolein. 
